Traumatic bile leaks often result in high morbidity and prolonged hospital stay that requires multimodality management. Data on endoscopic management of traumatic bile leaks are scarce. Our study objective was to evaluate the efficacy of the endoscopic management of a traumatic bile leak. We performed a retrospective case review of patients who were referred for endoscopic retrograde cholangiopancreatography (ERCP) after traumatic bile duct injury secondary to blunt (motor vehicle accident) or penetrating (gunshot) trauma for management of bile leaks at our tertiary academic referral center. Fourteen patients underwent ERCP for the management of a traumatic bile leak over a 5-year period. The etiology included blunt trauma from motor vehicle accident in 8 patients, motorcycle accident in 3 patients and penetrating injury from a gunshot wound in 3 patients. Liver injuries were grade III in 1 patient, grade IV in 10 patients, and grade V in 3 patients. All patients were treated by biliary stent placement, and the outcome was successful in 14 of 14 cases (100%). The mean duration of follow-up was 85.6 days (range 54-175 days).
Introduction
The main cause of noniatrogenic injury to the biliary system is trauma. Bile leaks can result from penetrating injury, such as gunshot (GSW) or knife wounds, or from blunt trauma, such as motor vehicle (MVA) or motorcycle accidents (MCA). The incidence of bile leaks following hepatobiliary trauma ranges from 0.5 to 21% depending on the criteria and methods used to diagnose the bile leak [1] [2] [3] . Following blunt or penetrating abdominal trauma, there can be significant damage to the biliary tract with severe injuries (grades III-VI) leading to an intrahepatic biloma, intraperitoneal leakage of bile, hemobilia and bilhemia, and intra-abdominal abscess [1] . There is no consensus on the treatment of traumatic bile leaks and decisions are often based on extent and mechanisms of injury, associated organ injuries and local expertise.
Regardless of the etiology, bile leaks can be a considerable cause of morbidity in afflicted patients. Unstable patients, as well as those with a penetrating injury, require laparotomy in conjunction with less invasive techniques. Hemodynamically stable patients with blunt hepatic trauma can be managed nonoperatively which has become the treatment of choice over the past two decades [4] . In earlier years, the main treatment options were surgical. However, the treatment of bile leaks has evolved with improvements in technology and procedural techniques.
The management of surgical bile leaks with therapeutic endoscopic retrograde cholangiopancreatography (ERCP) is well-established [5, 6] . However, the diagnosis of traumatic bile leaks can often be delayed and difficult. It has been suggested that posttraumatic bile leaks require more therapeutic procedures, patients have longer hospital courses, and higher hospital charges [7] . ERCP has been found to be a useful tool for the diagnosis and treatment of posttraumatic bile leaks, but data on outcome after therapeutic ERCP for traumatic bile leaks is limited [1, 3, 8, 9] . Several case reports and a case series in the surgical literature report that ERCP can be useful in the management of traumatic bile leaks [8] . A variety of endoscopic techniques have been used to manage bile leaks. These include biliary sphincterotomy alone, biliary stenting with or without sphincterotomy, and nasobiliary drainage with or without sphincterotomy. These methods share the common goal of decreasing or eliminating the pressure gradient between the bile duct and duodenum, allowing preferential flow of bile from the duct into the duodenum instead of bile exiting the leak site. The absence of ongoing bile flow through the leak site allows the defect to heal [1, 8] .
We conducted a retrospective case review to evaluate the role of ERCP in the management of patients who present with a bile leak after blunt or penetrating abdominal trauma.
Patients and Methods
The prospectively recorded endoscopy database at the University of Texas Health Science Center, Houston, Tex., USA, was reviewed to identify all patients who underwent ERCP for the management of traumatic bile leaks between January 2004 and March 2009. All patients who developed a posttraumatic bile leak were included, regardless of the mechanism of injury (blunt vs. penetrating) or the initial method of management (operative vs. nonoperative).
All patients were admitted to the trauma service and were initially managed in the surgical intensive care unit. Twelve of 14 patients underwent surgical exploration with or without percutaneous drain placement. Two of the 14 patients were initially managed conservatively with 1 of these 2 patients eventually undergoing interventional radiology computed tomographic-assisted aspiration of biloma and drain placement. A bile leak was suspected when there was persistent drainage of bile via the surgical wound or through an intra-abdominal drain placed at surgery, after percutaneous drainage of a perihepatic fluid collection, or a positive hepatoiminodiacetic acid scan or when a computed tomography (CT) scan revealed a subhepatic fluid collection.
ERCP was performed with standard therapeutic duodenoscopes (Olympus TJF-100/ 130/140/160; Olympus America Corporation, Inc., Melville, N.Y., USA) by one attending endoscopist within 48 h of referral. Patients underwent ERCP in the endoscopy unit with the assistance of anesthesia, using a combination of diprivan, meperidine, and midazolam or in the operating room if patient remained intubated. Once a bile leak was demonstrated on cholangiogram, a 7.0-, 8.5-or 10-F transpapillary biliary stent (Cook Endoscopy, WinstonSalem, N.C., USA) was placed. A biliary sphincterotomy was performed routinely in all patients. After the ERCP, surgically or percutaneously placed drains were removed after there was decreased or absent output from the drains. A repeat ERCP was performed 4-16 weeks later to evaluate for resolution of a bile leak. The time interval between ERCPs varied among patients because most of them had other associated injuries, were critically ill, and required other interventions. On repeat ERCP, all bile leaks had resolved and the previously placed endobiliary stent was removed. The patients were monitored daily after ERCP for 48 h to asses for any complications and again in clinic 1-2 weeks after discharge.
Endoscopic therapy was considered successful if the bile leak had resolved at the time of repeat ERCP. Failure of endoscopic therapy was defined as persistence of a bile leak at follow-up ERCP, persistence of biliary drainage through the percutaneous drain or persistence of biloma on CT that necessitated additional interventions to manage the bile leak.
To assess the long-term outcome, follow-up data were obtained by telephone contact with the patients, who were questioned specifically about any evaluation or treatment of a recurrent bile leak, as well as complications, subsequent to their last endoscopic treatment. All patients or their immediate relatives provided informed consent for the procedure.
Results
A total of 14 patients (9 men, age range 16-61 years; 5 women, age range 11-45 years), between January 2004 and March 2009, underwent ERCP for a bile leak secondary to traumatic injury to the abdomen. Eleven cases were because of blunt trauma: MVA in 8, and MCA in 3; the remaining 3 were because of penetrating trauma from a GSW. Injuries were graded according to predefined criteria [10] and were grade III (<3 cm parenchymal laceration) in 1 patient, grade IV (25-75% parenchymal disruption) in 10 patients, and grade V (>75% parenchymal disruption with or without involvement of major hepatic vasculature) in 3 patients. ERCP was successful in all patients. A biliary sphincterotomy was performed in all patients. Bile leaks were located in the common bile duct (CBD) in 1 patient, right ductal system in 8 patients, and in the left ductal system in 5. Twelve of the 14 patients underwent surgery for other associated injuries. Other associated injuries included lacerations to the spleen, diaphragm, kidney or major abdominal vessels, and hemothorax. Details on patient demographics and the nature of bile duct injury with location, interventions, and outcomes are shown in table 1. There were no documented post-ERCP complications.
Of the 8 patients with MVA, 6 were initially managed with surgery. Two patients were managed conservatively until bile leak was suspected based on CT scan findings. One of these 2 patients subsequently underwent CT-guided biloma drainage and percutaneous drain placement. All 8 patients eventually underwent ERCP with a bile leak found in the right hepatic system in 4 and in the left hepatic system in 3. One patient had a bile leak in the CBD. All patients had an endobiliary stent placed. Of the 3 patients with MCA, all were initially managed with surgery with subsequent ERCP with endobiliary stent placement. Follow-up ERCP done in all patients with blunt trauma revealed resolution of the bile leak and the stent was removed.
Three patients had a penetrating injury (grade V in all 3) from a GSW and required emergent surgery. All 3 patients underwent ERCP because of continued bilious output from the surgically placed drain. Two of the 3 patients were found to have a bile leak from the left ductal system on cholangiogram, the third patient was found to have a bile leak from the right ductal system. All 3 patients had endobiliary stents placed. Of note, 2 of the 3 patients had delayed presentation of the bile leak. One of the 2 patients developed bilious output from the surgically placed drain on postoperative day 11. The other patient developed fever and pain on postoperative day 18 and CT scan revealed a perihepatic fluid collection which prompted the referral for ERCP. At follow-up ERCP, all 3 patients had resolution of the bile leak and the endobiliary stents were removed.
Discussion
This study showed that ERCP with sphincterotomy and endobiliary stent placement is effective in the treatment of patients with major bile duct damage after hepatobiliary trauma. In our series, the resolution of a bile leak was seen in 100% of patients who underwent endobiliary stent placement and sphincterotomy. This data is supported by a recent study reported by Lubezky et al. [8] , where ERCP with biliary sphincterotomy and stent placement was found to be effective in all 11 patients who developed a traumatic bile leak. Also, in a study by Bridges et al. [9] , resolution of a traumatic bile leak was seen in 90% of patients who underwent endobiliary stent placement.
Biliary ductal injuries may not be seen on initial imaging or laparotomy and can therefore have an insidious presentation. The biliary injuries that result from hepatic trauma may be simple bile leaks into the lacerated liver, peritoneal cavity or pleural cavity or may result in biliary-vascular fistulas. Bile leaks usually present several days after the initial trauma, with the patient complaining of abdominal pain, increasing abdominal distention, and ascites. In the setting of penetrating abdominal trauma such as GSW, presentation of bile leak can be delayed up to two weeks as was reported previously [11] .
The biliary injury can be intrahepatic, extrahepatic or both. In our series, 13 of 14 patients had injuries to the intrahepatic ductal system. Nine of the 14 cases had involvement of the right intrahepatic ductal system. The other 4 cases involved the left intrahepatic ductal system and 1 involved the CBD. In previous series, the right intrahepatic ducts were the predominant sites of bile leaks following abdominal trauma [1, 9, 12] . Whether or not the location of the bile leak can predict treatment outcome is still unclear and cannot be elicited from our study or others.
Hepatobiliary injuries can be complex and management remains a challenge to surgeons. Surgery has been the conventional treatment for posttraumatic bile leaks but can be difficult to perform due to a combination of adhesions, inflammation, damaged liver parenchyma or the patient being a poor surgical risk. The most important factors that influence survival in these patients are the associated injuries and the nature and the extent of liver injury [13] . It has been shown that liver-related complications appear to be less frequent in patients managed without surgery than in those managed surgically [8] [9] [10] . Nonoperative management of bile duct injury is effective with success rate ranging from 90 to 94%. In our series, the resolution of bile leak was seen in all patients following endoscopic treatment. The success rate of therapeutic endoscopic intervention ranges from 90 to 100% [1, 8, 9, 12] . Sugiyama et al. [3] reported healing of bile leaks in 5 of 6 patients after therapeutic ERCP. In a series by Bajaj et al. [14] , therapeutic ERCP was successful in 8 of 9 (89%) patients for managing posttraumatic bile leaks. Bridges et al. [9] reported healing of bile leaks in 9 of 10 (90%) patients after biliary stenting. Hence, an ERCP is both of diagnostic and therapeutic benefit in these patients.
In the present series, resolution of bile leak was documented on repeat ERCP which was anywhere from 4 to 16 weeks after initial ERCP. Sharma et al. [12] documented resolution of bile leak after 8.5 days (range 3-30 days) of endoscopic interventions. In a series by Singh et al. [1] , bile leaks closed in 15.76 days in patients who had undergone sphincterotomy, and in 12.14 days in patients without sphincterotomy. Lubezky et al. [8] reported resolution of bile leaks in 6-7 days (range 5-10 days) after ERCP. Sugiyama et al. [3] reported healing of bile leaks after 1-7 days of ERCP. Bajaj et al. [14] reported time to resolution of bile leak after ERCP as 7.4 days (range 2-17 days).
We routinely perform biliary sphincterotomy and endobiliary stent placement for the management of a bile leak. There were no complications related to endoscopic sphincterotomy. There are, however, several studies that clearly demonstrate the efficacy of biliary stent placement alone in this cohort of patients [3] . Other series support our combined approach of endoscopic sphincterotomy and stenting for management of bile leaks following hepatic trauma [8, 9, 12] . In major leaks it is unlikely that sphincterotomy alone can seal the leak [15] .
The ideal length of time for stenting is not known. It has varied from 3 to 8 weeks in previously published reports [1] . We removed the stents after an interval of 4-16 weeks.
Follow-up in our patients ranged from 54 to 175 days (mean of 85.6 days). None of our patients showed evidence of post-ERCP complications. In a study by Sugiyama et al. [3] on long-term follow-up, there were no late complications after endoscopic treatment. In the series by Sharma et al. [12] , after a mean follow-up of 33 months, there were no complications and all the patients remained asymptomatic.
The limitations of this study include the retrospective case series design as well as the small number of subjects included in the series. This particular cohort is small in the general population, and thus these procedures are rarely undertaken. However, our series of 14 subjects is more than previously published series. As was the case with previously published case series, the management of bile leaks was not standardized. The follow-up was also short compared to other studies, and thus some long-term complications from ERCP could have occurred.
In summary, this study demonstrated the efficacy of ERCP with sphincterotomy and endobiliary stent placement in the management of patients with extensive traumatic hepatic injury with intrahepatic bile leaks. The severity of an injury and the site of a bile leak do not preclude endotherapy as a management option in these patients. The results of our series and those of previously published series suggest that ERCP should be considered as a firstline therapy for traumatic bile leaks.
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